Background The overall prognosis and survival of patients with advanced gastric cancer is generally poor. One of the most powerful predictors of outcomes in gastric cancer surgery is an R0 resection. However, the extent of the required surgical resection and the additional benefit of multivisceral resection (MVR) are controversial. Methods Electronic literature searches were conducted using Medline, EMBASE, and the Cochrane Central Register of Controlled Trials from
Introduction
For patients undergoing curative surgery for gastric cancer, R0 resection (negative microscopic and macroscopic margins) is the most powerful predictor of outcome [1] . In the West, unfortunately, gastric cancer typically presents at an advanced stage, and tumor invasion into adjacent structures (International Union Against Cancer [UICC]/American Joint Committee on Cancer [AJCC] Stage T4) is present in many of these patients [2, 3] . Though patients with T4 gastric cancer will frequently present with peritoneal dissemination or distant metastases, many do not have M1 disease and thus are candidates for curative-intent surgery.
In patients with T4 gastric cancer, a multivisceral resection (MVR), or gastrectomy with resection of adjacent organs, is required to achieve an R0 resection. Observations of increased perioperative morbidity and mortality with MVR are widespread [4] [5] [6] . The increased operative risk of MVR must be weighed against the evidence that only selected patients may benefit from the radical operation. As a result, there exists a lack of consensus regarding its use in the treatment of locally advanced gastric cancer. As true histological invasion into adjacent organs is difficult to identify with pre-operative imaging or even during an operation, the decision to proceed with MVR is challenging [2, 7] . This review will identify and synthesize the findings of studies on surgical and long-term outcomes in patients undergoing MVR for gastric cancer involving adjacent organs.
Methods

Data sources
Electronic literature searches were conducted in Medline and EMBASE from January 1, 1998 
Study selection and review process
To be eligible, studies had to meet the following criteria: (1) investigation of MVR in newly (not recurrent) diagnosed patients with histopathology-confirmed gastric adenocarcinoma; (2) patients underwent surgery, and complication or survival data was reported; (3) involved human patients with a minimum of 30 patients; (4) published in peer-reviewed journals from 1998 to 2009; and (5) published in English. Studies were excluded according to the following exclusion criteria: (1) involved animals and/or ex vivo samples; (2) involved patients with mixed cancer or studies investigating MVR in other cancers with no separate analysis of gastric cancer subjects; (3) studies that did not provide sufficient information to determine complication or survival data; (4) review articles, metaanalyses, abstracts, conference proceedings, editorials/ letters, and case reports; and (5) studies investigating pancreaticoduodenectomy. An a priori decision to review pancreaticoduodenectomy in a separate study was made due to the operative risks unique to this procedure. All electronic search titles, selected abstracts, and full-text articles were independently reviewed by a minimum of two reviewers (NC, LH, RC, RS). Reference lists from review papers and relevant articles were also examined for additional studies that met our inclusion criteria. Disagreements on study inclusion/exclusion were resolved with a consensus meeting.
Data extraction
A systematic approach to data extraction was used to produce a descriptive summary of participants, interventions, and study findings. Two reviewers (RS, LY) independently extracted the data and a third reviewer (SB) checked the data extraction. No attempt was made to contact authors for additional information.
Results
Literature search
A total of 3608 titles/abstracts were identified from the electronic searches and reference lists for preliminary review. After removal of duplicates and screening for relevant titles and abstracts, a total of 142 articles were submitted for a full-text review. Seventeen studies involving 1343 patients met our inclusion criteria and were included in this review [1, 2, [4] [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] (Fig. 1 ).
Morbidity and mortality Table 1 reports the organs resected along with gastrectomy for patients undergoing MVR. The most commonly resected organs were spleen, distal pancreas, liver, and large bowel (mostly transverse colon). Other commonly resected organs included small bowel and gallbladder. Less commonly resected organs included kidney, adrenal gland, mesocolon, diaphragm, lung, pericardium, ovary, and uterus. Reported complications from the studies examining MVR are listed in Table 2 . Among the 734 patients with reported complications following MVR, 3% had anastomotic leaks, 2% had pancreatic fistulas, and 10% had reported perioperative death, with overall complications rates ranging from 11.8 to 90.5%. Perioperative mortality ranged from 0 to 15%. Survival Table 3 reports survival data from MVR studies. Longterm survival was reported in studies as median survival in months or as percentage survival at 1, 2, 3, or 5 years. Five of fifteen studies reported median survival (range 13-32 months) [4, 14, 15, 17, 20] . Four of fifteen studies reported 3-year survival (range 0-41%) [9, 11, 17, 20] . Eleven of fifteen studies reported 5-year survival (range 0-40%) [2, 4, 8-10, 12-14, 16, 18, 19] . One study reported a statistically significant survival advantage when MVR was performed for patients with locally invasive disease when compared to gastrectomy alone [2] . However, two studies reported a statistically significant survival advantage for gastrectomy alone compared to MVR [4, 14] . Table 4 lists the studies that reported completion of resection. An R0 resection was performed in 58-100% of patients. Four studies reported a statistically significant survival advantage when MVR was performed with an R0 resection compared to R? resection [2, 9, 11, 18] . Table 5 lists the studies that reported survival based on the number of organs involved or resected. Two of four studies showed in multivariate analysis that an increasing number of organs involved or resected was associated with decreased survival at 5 years [10, 17] . However, an R0 resection resulted in 5-year survival of 32-35% for patients undergoing MVR, even when two or more organs were resected. Table 6 lists the studies that reported survival based on T-status, N-status, or stage [21] . Survival was dependent on tumor depth in two of four studies [2, 10] and on nodal status in six of seven studies [2, 9-11, 17, 18] .
Discussion
Curative resection is beneficial to patients with advanced gastric cancer and an R0 resection is significantly associated with improved survival [14] . Advocates of MVR argue that it can be performed in properly selected patients with acceptable morbidity and mortality [4] . We reviewed a total of seventeen articles (1343 patients) that examined surgical and survival outcomes associated with MVR. In our analysis of the literature, the perioperative mortality rates of patients undergoing gastrectomy with MVR ranged from 1.9 to 15.0%, with five-year survival rates of 0-40%. These studies have attempted to identify predictors of longterm survival, including margin positivity, the number of organs resected, UICC/AJCC stage, and other factors, which may aid in appropriate patient selection for MVR. MVR is performed to provide patients with advanced gastric cancer the best chance at survival with a curative R0 resection. Eight studies reported their ability to achieve a complete resection (R0), with results ranging from 38 to 100%, suggesting that a significant proportion of patients have positive microscopic or macroscopic margins despite undergoing MVR [1, 2, 7-9, 11, 17, 19] . Survival in patients who underwent MVR without a complete resection was demonstrated to be significantly diminished compared to those who had an R0 resection [2, 9, 11, 18] . Poor outcomes appear to be associated with both microscopic and macroscopic positive margins [12, 15] . There were no 5-year survivors in three studies that reported outcomes in patients undergoing MVR with residual tumor; however, for patients in whom an R0 resection was achieved, the 5-year survival was 11.1-45.0% [2, 9, 18] . The importance of an R0 resection is highlighted by Saito and colleagues, who found patients who underwent MVR and had positive microscopic or macroscopic margins had nearly the same outcomes as patients who did not undergo MVR [18] . Two studies reported decreased overall survival with MVR compared to gastrectomy alone [4, 14] . Comparisons in these studies, however, do not address the question of whether MVR is appropriate for patients with T4 gastric cancer. These two studies did not report the pathologic T4 status in the patients treated with gastrectomy alone [4, 14] . Further, Martin et al. [4] reported only 13.8% of patients who underwent MVR had pathologic T4 disease. These studies fail to address that the true comparator to MVR for patients with suspected T4 disease is gastrectomy alone with residual microscopic or macroscopic disease. Martin et al. [4] reported that 100% of patients in the gastrectomyalone group had an R0 resection, and therefore an MVR would not be indicated in these patients. Lee et al. [14] do not report R0 status data in their study for either the gastrectomy-alone or MVR groups. There is no evidence that gastrectomy alone, when yielding an R1 or R2 margin, is appropriate when R0 resection with MVR is safe and feasible. Studies that examined survival related to which organs were resected were few in number. However, resections involving the liver [9, 18] and the transverse colon [9] were found to be associated with increased survival compared to MVR with resection of other adjacent structures. The goal of R0 resection must be balanced against the challenges in identifying whether gastric cancer is truly invading adjacent organs. Given the risk of morbidity, MVR ideally should be reserved for T4 lesions, with true histological invasion into adjacent organs [8] . Adhesions secondary to desmoplastic reaction can be mistaken for local invasion, especially when involving the pancreas [2] . Preoperative distinction between T3 and T4 lesions may be facilitated by preoperative imaging, including computed tomography (CT) and endoscopic ultrasound (EUS), although none of these factors appears to have high accuracy [22] . In this set of patients undergoing MVR with the goal of R0 resection, the percentage of patients with confirmed pathologic T4 disease ranged from 28.9 to 89% (Table 3) . Difficulties in distinguishing adhesions from disease invasion will result in some patients undergoing a radical operation with increased likelihood of complication for no oncological benefit. The range between studies suggests there might be factors that may help identify patients with pathologic T4 disease, although none of these factors appears to have high accuracy. Identification and stratification with these factors must be balanced against the risk of leaving microscopic residual disease after resection, which, as discussed above, is associated with poor prognosis.
MVR may require resection of two or more organs along with gastrectomy in pursuit of negative margins. Four studies examined the number of organs involved or resected as a predictor of survival (Table 5) [4, 10, 17, 18] . Ozer et al. [17] found that patients who underwent MVR with 2 or more organs had a higher surgical morbidity, when adjusted for age, comorbidities, and stage, providing a possible explanation for the decreased survival for this group. As well, Martin et al. [1, 4] report an increase in surgical complications with a trend towards lower 5-year survival when comparing one-, two-, and three-organ resections in addition to gastrectomy. In none of the studies are operative details such as estimated blood loss given, nor is it clear whether differences in survival in patients with 2 or more organs involved are a result of operative mortality or a marker of aggressive biology. However, Saito et al. [18] found that when an R0 resection was performed, there was no difference in survival when more than one organ was involved. Further, Saito et al. [18] found that when more than two organs adjacent to the stomach were involved, the patients who underwent an R0 Overall survival is a complex issue as many factors influence a patient's outcome. Table 6 lists studies reporting survival data by tumor depth, extent of nodal involvement, and stage. Nodal status is highly predictive of survival in gastric cancer patients. Not surprisingly, several papers show survival after an MVR to be dependent on the nodal status of patients [2, [9] [10] [11] 17] . Jeong et al. [11] reported that patients with N3 disease showed no improved survival in the MVR group versus the group treated with gastrectomy alone, thus suggesting that the benefit of MVR to achieve an R0 resection may be limited by the burden of nodal involvement. Some authors conclude that extended MVR should not be completed when macroscopic nodal disease is present [13] . Nevertheless, MVR may benefit some patients even with extensive nodal involvement. Saito et al. [18] showed a statistically significant difference in 5-year survival between patients with N3 disease who underwent an MVR with R0 resection compared to patients with positive pathological margins or patients who did not undergo MVR. Thus, MVR may be suitable for appropriately selected patients, given the ability to achieve negative histological margins, even with extensive nodal involvement. From a practical standpoint, identifying preoperatively the patients with lymph node metastasis may be difficult, given the limited accuracies of currently available diagnostic imaging to detect macroscopic nodal disease [11] . Conclusions drawn from this review must consider the many limitations of the included studies. Most are retrospective case series from single institutions, and, furthermore, many are based in Asian countries, possibly limiting the applicability of results to Western centers. One limitation of our review is that exclusion of patients for whom MVR was performed for reasons other than en-bloc resection may not have occurred in all studies [8] . Additionally, in this review, we have excluded patients who underwent pancreaticoduodenectomy, given the technical complexity of the operation, and the specific considerations of this procedure will be discussed in a separate review.
Conclusion
Gastrectomy with MVR can be pursued in patients with locally advanced gastric cancer with the goal of R0 resection. Morbidity and mortality may be increased, but the benefit of attaining an R0 resection has a positive impact on overall patient survival. Patient selection for MVR must take into account nodal status and the number of organs involved, and care must be taken to attempt to identify true histological invasion before and during resection.
